The US Preventive Services Task Force recently recommended against prostate-specific antigen screening for prostate cancer based primarily on evidence from the European Randomized Study of Screening for Prostate Cancer (ERSPC) and the US Prostate, Lung, Colorectal, and Ovarian (PLCO) cancer screening trial.
R ecently, the US Preventive Services Task Force recommended against prostate-specific antigen (PSA) screening for prostate cancer based on moderate certainty that the benefits of screening do not outweigh the harms. 1 The evidence of screening benefit was based primarily on mortality results from the European Randomized Study of Screening for Prostate Cancer (ERSPC) 2,3 and the US-based Prostate, Lung, Colorectal, and Ovarian (PLCO) cancer screening trial. 4, 5 Restating the trial mortality results after medians of 13 and 11 years of follow-up, respectively, the Task Force concluded that "there is adequate evidence that the benefit of PSA screening and early treatment ranges from 0 to 1 prostate cancer deaths avoided per 1000 men screened." 1 Although randomized trials are the gold standard for evidence-based decision making in medicine, they can have important limitations as a basis for screening policies. First, screening policy development demands information about long-term benefits and harms because these policies generally pertain to interventions conducted over an individual's healthy lifetime. Unfortunately, most screening trials provide short-term results rather than the long-term outcomes generated by a typical population-based screening program. Second, screening trial results can be highly influenced by the trial population and by patterns of compliance with the trial protocol. Third, any inferences about screening benefit are limited to the screening strategy or strategies tested in the trial. This does not permit policy makers to identify and compare alternative policies that might be more acceptable.
In this commentary, we argue that the ERSPC and PLCO are subject to these limitations and that taking their results at face value misrepresents the likely long-term population impact of PSA screening (relative to no screening) in the United States. To examine these limitations, we review modeling studies that analyze population trends and extrapolate trial evidence. A recent publication defines the models used in these studies as "mathematical frameworks that facilitate estimation of the consequences of health care decisions." 6 These models enable in-depth analysis of observed data that can reveal information about the disease process and facilitate extrapolation beyond the trial setting and horizon.
We summarize 3 main points from these studies. First, changes in primary treatments explain only a minority of the observed decline in prostate cancer mortality; assuming screening benefits would-be metastatic cases detected while still in a localized stage, PSA screening plausibly explains nearly half of the decline. Second, estimates of overdiagnoses and lives saved based on ERSPC results overstate the likely long-term harm-benefit tradeoff in the United States. Third, results from the PLCO trial, which found no significant mortality difference between the intervention and control arms, do not rule out a clinically significant benefit of PSA screening; instead, the key lesson of the PLCO trial is that more intensive screening does not necessarily yield a greater benefit than less intensive screening. This observation opens the door to investigations of more efficient screening strategies that preserve benefit while reducing cost and harms, and we can use modeling to identify such strategies.
Our discussion draws on several models developed as part of the Cancer Intervention and Surveillance Modeling Network. To model population mortality trends, we review a microsimulation model of prostate cancer progression, detection, and survival that projects mortality with and without screening or changes in treatment. We examine the same microsimulation model and an analytic model to estimate overdiagnosis associated with PSA screening from population incidence trends. To extrapolate long-term harmbenefit tradeoffs, we combine the estimated number of overdiagnosed lives with the estimated lives saved because of screening, based on applying the relative reduction in prostate cancer deaths from the ERSPC to long-term US prostate cancer mortality without screening. Finally, to interrogate PLCO results, we review a microsimulation model to replicate the PLCO trial with and without control arm contamination under a clinically significant screening benefit. We conclude that model-based analysis of evidence is consistent with an important long-term benefit of PSA screening and that policies should be developed that improve the targeting of screening and treatment rather than eliminating the opportunity for early detection and intervention. Although we focus on the case of prostate cancer screening, our arguments have bearing on the methods by which screening policies are developed, particularly when the only available trial evidence has clear limitations and extrapolation beyond the specific trial settings, horizons, and protocols is needed.
POPULATION OUTCOMES
From the time of rapid adoption of PSA screening in the United States in the early 1990s, prostate cancer death rates have fallen each year. The latest figures released by the Surveillance, Epidemiology, and End Results program for 2009 indicate that age-adjusted prostate cancer death rates have declined by 44% since their peak in 1991. 7 However, other aspects of prostate cancer management have also changed both before and during the PSA era. Primary treatment patterns have evolved considerably, beginning with a marked increase in the frequency of radical prostatectomy in the 1980s, 8 followed by the dissemination of hormonal therapies as adjuvant to radiation therapy in the 1990s. 9 Both of these treatments have been shown to be efficacious in randomized treatment trials, 10,11 although recent results from a US trial of radical prostatectomy have suggested that, in a population undergoing screening, benefit may be limited to men with intermediate or high-risk disease. 12 In addition, radiation therapy technologies have evolved and are now able to deliver more intense, targeted doses. Advances in primary treatment have been cited 13 as the most likely explanation for the decline in prostate cancer deaths in the United States. Nonetheless, 3 independently developed simulation models of prostate cancer progression, diagnosis, and survival, 14 making favorable assumptions regarding treatment efficacy based on the results of randomized trials and recent comparative effectiveness studies, 15, 16 estimated that primary treatment changes explained only up to one third of the drop in disease-specific deaths 14 by 2005, leaving a large fraction of the decline to be explained by other factors.
One of the 3 models 17 was used to study the role of screening in the absence of treatment changes using data through 2000 and found that screening explained 45% of the mortality decline. 18 The model was rigorously calibrated to US prostate cancer incidence trends before and after the introduction of screening 17 and assumed that cases detected in an earlier (localized) stage by screening received a corresponding post-lead-time survival improvement. This screening benefit assumption was supported by a later analysis in which the same model was used to simulate the ERSPC and this assumption was found to be consistent with the 27% drop in prostate cancer deaths observed after a median follow-up of 9 years (after adjustment for non-attendance). 19 Although these results do not prove that screening explains the observed drop in prostate cancer deaths, a decline of 70% in the incidence of advanced stage disease since 1990 supports a role for PSA screening in explaining the part of the mortality decline that is not accounted for by changes in primary treatment. 20 A direct connection between PSA screening and the incidence of metastatic disease is evident from the ERSPC, in which the incidence of metastatic disease in the screened group (278 cases) was about half that in the control group (567 cases). 3 Although there may be other explanations for the drop in US prostate cancer deaths, these are not clearly supported by available data. For example, there have been improvements in treatment for metastatic disease, but these have been relatively recent, and a study of trends in survival among newly diagnosed metastatic cases shows little change over time through 2005. 21 Earlier detection of progressive disease using PSA monitoring could also be a factor, but to date there have been no conclusive studies of the efficacy of earlier versus later treatment of metastatic disease following diagnosis. No etiologic factors that might have induced a change in the underlying risk of developing or dying of the disease in the population have been identified. It has been suggested that misattribution of other-cause deaths as due to prostate cancer could have caused a spurious rise in deaths due to the disease just before the peak in 1991, but studies of misattribution have indicated that it is a relatively rare event. 22, 23 We conclude that, although population prostate cancer trends are likely a complex result of many factors, modeling can help to disentangle the contributions of specific factors like treatment and screening. The observed decline in disease-specific deaths is not easily explained by other changes in disease management and is indicative of screening benefit in the population.
TRIAL RESULTS I: THE ERSPC
The ERSPC observed a short-term relative reduction in deaths (fraction of disease-specific deaths prevented by screening) of 21% after a median follow-up of 11 years 3 and a corresponding absolute reduction (lives saved per 1000 men enrolled in screening) of 1.07 deaths per 1000 men invited. It is this measure of absolute benefit that formed the basis for the Task Force's conclusion that the reduction in prostate cancer mortality 10-14 years after PSA screening is "at most, very small." 1 How can such a large relative effect of screening translate into such a modest absolute benefit and, ultimately, into an impression of an ineffective screening test? 24 This is where the issues of follow-up duration (time from start of enrollment to analysis) and trial population (population from which trial participants are sampled) become essential to understand.
The absolute benefit of screening depends on the baseline disease-specific mortality rate in the unscreened population. This rate was extremely low in the ERSPC control group, amounting to only 0.5 deaths per 1000 person years after a median of 11 years of follow-up. 3 Even though the 21% relative reduction was substantial, the absolute difference in rates amounted to only 0.1 deaths per 1000 person years and this translated into 1.07 lives saved per 1000 men screened. 3 However, in a population screening program, where men begin testing at a specified starting age and continue screening until they either die of other causes or reach an age beyond which screening is no longer recommended, the relevant baseline disease-specific mortality approaches the lifetime probability of prostate cancer death. In addition, this lifetime probability should apply to the population of interest. The ERSPC results not only reflect short follow-up; they also pertain to a European population. In the United States, in the absence of screening, the lifetime risk of a prostate cancer death based on 1990 death rates, just before the spread of PSA screening, was 32 per 1000 men. A reduction of 21% yields 6.7 (= 32 Â 0.21) lives saved per 1000 men screened and an number needed to screen (NNS) of 149 (= 1000/6.7). Recognizing that advances in treatment may have mitigated prostate cancer mortality, and using more recent mortality rates from 2006, we obtain a lifetime risk of prostate cancer death of 28 per 1000 men, 5.9 lives saved per 1000 men screened, and an NNS of 170. Using endpoints of the 95% confidence interval for ERSPC mortality reduction implies a corresponding range of 2.5 (= 28 Â 0.09) to 9.0 (= 28Â 0.32) lives saved per 1000 men screened and a range of NNS of 112-397. These NNS estimates are considerably lower than the short-term estimates from the trial (1410 and 1055 at 9 and 11 y, respectively).
The short-term perspective also distorts estimates of screening harm, particularly overdiagnosis. This is the detection by screening of cancers that would never have become clinically apparent without the screening test. Because prostate cancer is known to be a disease that is highly prevalent, particularly in older men, the potential for overdiagnosis is great. Indeed, after a median follow-up of 9 years, the frequency of overdiagnosis among men invited to screening was estimated to be 34 per 1000 men screened, which was the observed excess incidence in the screened group relative to the control group. 2 Combining this estimated frequency of overdiagnosis with the 9-year estimate of 0.7 lives saved per 1000 men screened yielded a projected ratio of 48 overdiagnoses per life saved, or 48 additional cancers needed to detect (NND) to save 1 life. 2 This figure has been cited in the media as an illustration of the high harm-to-benefit tradeoff associated with PSA screening. 25, 26 However, the excess incidence over the short term produces an inflated assessment of overdiagnosis amounting in this case to 58% of screen-detected cases ( > 1 case overdiagnosed for every 2 screen-detected cancers). After 11 years, the NND was revised down to 37, but both overdiagnosis and the corresponding NND are highly dependent on the setting and length of follow-up. 3 Two different models were used to estimate the longterm fraction of screen-detected cases overdiagnosed in the US population. 27, 28 In contrast to the trial-based estimates, which use excess incidence in the screened group as a proxy for overdiagnosis, both models estimated the lead time associated with PSA screening then derived the fraction overdiagnosed as the fraction of screen-detected cases dying of other causes within their lead time. The lead-time-based estimates, namely, 23% and 28% overdiagnosed among screen-detected cases, are lower than the ERSPC estimate because they represent true overdiagnosis rather than excess incidence and because they were estimated in the US setting. Given that 16% of men will be diagnosed under current screening practices, 29 then even assuming that all new cases are screen detected and using the higher estimate of overdiagnosis, we project that 44.8 (= 0.16 Â 0.28 Â 1000) per 1000 will be overdiagnosed during their lifetimes. With 5.9 lives saved per 1000 over the long-term based on US population mortality, the long-term NND is more accurately estimated as 7.6 (= 44.8/5.9) rather than 37, giving a very different picture of the harm-benefit profile of PSA screening.
TRIAL RESULTS II: THE PLCO
The PLCO trial was originally designed to compare annual screening with no screening for prostate cancer. However, the trial was initiated in 1993, at the tail of the first wave of PSA screening in the US population. 29 As a consequence, screening was common among control arm subjects; an investigation into control arm contamination revealed "the intensity of PSA screening in the control arm was estimated to be approximately half of that in the intervention arm." 5 In fact, trial investigators estimated that 74% of men in the control arm received at least 1 routine PSA test during the 6 years of the trial compared with 95% of the intervention arm, with over half of the men in the control tested every 1-2 years. Moreover, the incidence of prostate cancer in the control group was 20% higher than expected based on comparable population rates, suggesting that control arm subjects were screened even more intensively than the general population. 30 The PLCO trial has been interpreted as providing evidence that screening is not beneficial. 13 Indeed, the Task Force's estimate of the mortality reduction associated with screening includes the possibility of 0 lives saved over a 10to 14- year period based on the trial result of no reduction in prostate cancer deaths in the intervention group relative to the control group. In fact, both published reports from the trial 4,5 have shown a slight excess of prostate cancer deaths in the intervention group. When modeling was used to replicate the trial, it was found that the trial has extremely low power (range, 9%-25% across three models at 13 y) to infer a difference between the control and intervention groups even under a clinically significant benefit of screening. 19 This is due not only to the control arm contamination but also to the lower-than-expected frequency of prostate cancer deaths in the trial population. 31 Given the low numbers of deaths, the mortality results are highly variable, and the chance of excess mortality in the intervention arm, even in the presence of a significant screening benefit, is 15%-29% after 13 years. 19 We conclude that the PLCO does not provide actionable information regarding screening benefit or lack thereof and that inclusion by the Task Force of 0 as a potential lower bound for the benefit of screening on the basis of the reported PLCO trial results is not warranted. Instead, the study provides important evidence of the equivalence of more intensive (annual) versus less intensive (approximately biennial) screening.
CONCLUSIONS
Clinical trials are generally perceived to reflect the highest level of evidence for policy development as they are designed to eliminate systematic differences between the treatment and control groups that my lead to biased results. There have been many nontrial-based studies of PSA screening efficacy, [32] [33] [34] [35] [36] [37] [38] but these have either been inconclusive or subject to extensive criticism because of their observational nature.
We are in agreement that published results from clinical trials should be used to inform policy so long as they are directly applicable to the policy-relevant setting. In the case of prostate screening and the Task Force recommendations, this setting is the US population over the long term. We have made the case that the published screening trial results do not accurately reflect the outcomes of most import in this setting. Thus, our primary concern relates to relevance of the published trial results, and our goal is in essence to make these results more relevant for policy. In doing so, we consider the published results to be reliable; we do not address issues of data quality although we are aware that some have questioned the quality and reporting of the ERSPC findings. 13, 39 There is a further handicap associated with limiting policy development to published trials: inferences about screening harm and benefit will pertain only to those strategies actually tested. If there are strategies with more favorable harm-benefit tradeoffs than those tested, these cannot be considered or evaluated. This is critically important in the case of prostate cancer screening with its high price tag in terms of unnecessary biopsies, which can cause serious infections including sepsis in 0.5%-1.0% of biopsy cases, and overtreatment, which carries the burden of impotence and incontinence in 20%-30% of cases. 40 There have been many suggestions for targeted screening strategies, including increasing the interval between screens, 41 using more conservative criteria for biopsy referral in older men who are at higher risk of false-positive tests and overdiagnosis, 42 and screening adaptively, such as lengthening the interval to the next screen if the current PSA level is below a specified threshold. 43 Testing all competing policies in randomized trials is infeasible; consequently, this is a setting in which well-calibrated and validated models are proving to be of great value. 44, 45 We therefore advocate the use of models alongside clinical trial results, not only to interpret and extrapolate trial findings to the relevant population setting, but also to ensure that a recommendation against screening takes into account feasible alternative strategies.
The universe of models is massive and heterogeneous in terms of both model quality and methodology. Models have many limitations. They invariably represent a simplified version of disease progression, intervention, and impact. The accuracy of model results is dependent on the underlying assumptions of the model. Results themselves are subject to uncertainty which can be difficult to quantify. A recently published series of reports from a joint Task Force of the International Society for Pharmaceutical Outcomes Research and the Society for Medical Decision Making 6,46-52 codifies good modeling practices and should help to ensure that these limitations are acknowledged and addressed to the extent possible. However, the question of how to weigh the evidence from different data sources and study designs, including models, when formulating screening recommendations remains. Task Force recommendations for breast and colorectal screening relied on both trials and modeling studies, yet a systematic framework for synthesizing evidence from multiple study designs has yet to be established.
In conclusion, we submit these comments out of a sense that a critically important policy decision may have been made on the basis of an incomplete picture of the benefits and harms of PSA screening. We consider this to reflect a weakness not of the specific decision-a more complete picture may have led the panel to the same recommendation. Rather our concern is about the process-a process in which the most reliable evidence is defined as the observed outcome of clinical trials and there is no formal mandate to go beyond published trial estimates of benefit and harm. With a disease whose hallmark is a lengthy natural history, the harms of developing cancer screening policies based primarily on limited-duration screening trials may well outweigh the benefits.
